The aim was to compare a group housing system (GROUP) and a conventional single housing (SINGLE) for lactating sows with regard to the performance of sows and piglets. Data of 132 cross-breed sows were collected in 11 batches with 6 sows in GROUP and SINGLE in each batch. The GROUP had single pens (4.7 m 2 ) with electronically controlled crates and a shared running area (13 m 2 ). The sows in GROUP were retained in the crates 3 d prepartum until 1 d postpartum. Piglets were able to leave the single pens on d 5 postpartum. Recorded traits per litter included the number of piglets born alive and weaned, piglet losses, and individual BW at birth and weaning. In addition, body condition and back fat thickness before and after lactation (26 d) and the daily feed intake of the sows were measured. Gilts and sows were analyzed separately. The reproductive traits did not differ significantly (P > 0.05) between the farrowing systems with exception of the weaning weights (GROUP = 7.6 ± 0.12 kg vs. SINGLE = 8.1 ± 0.12 kg; P < 0.05). Group housed and SINGLE sows had 14.4 ± 0.47 and 14.6 ± 0.45 piglets born alive, respectively. In both housing systems, sows weaned 11.4 piglets (SEM = 0.14 and 0.13 for GROUP and SINGLE), respectively. Most piglet losses (72%) occurred during the first 3 d postpartum. At this point in time, piglets in GROUP and SINGLE were housed in single pens. In the single pens, GROUP sows could leave the farrowing crate whereas SINGLE sows were fixed in crates during the whole lactation. In total, piglet losses were not significantly different during lactation between GROUP and SINGLE treatments (2.2 ± 0.05 and 2.4 ± 0.05 piglets per litter, respectively). Sows housed in GROUP had a significantly lower (P < 0.05) BCS (2.2 ± 0.05) after lactation compared with SINGLE sows (BCS = 2.4 ± 0.05). This development could not be verified using the back fat thickness value at weaning (GROUP = 14.4 ± 0.25 mm vs. SINGLE = 14.6 ± 0.23 mm). Daily feed intake was significantly greater for GROUP sows (6.4 ± 0.08 kg per day) than SINGLE sows (6.15 ± 0.08 kg per day; P < 0.05). In conclusion, the performance of GROUP and SINGLE sows was similar with the exception of lighter weaning weights in GROUP housing.
INTRODUCTION
Group housing in the gestation stage has already been implemented according to the basic legal requirements (91/630/EEC; Council Directive, 2003) . However, the majority of lactating sows are still fixed in crates. Alternatives to conventional single housing systems (SINGLE) have until now been loose SINGLE (LSH) or group housing systems (GROUP). Group housing can be implemented in 1 compartment with single pens and a shared running area (Bates et al., 2003; Kutzer et al., 2009) or in 2 compartments with SINGLE or LSH (until d 8 or 12 postpartum) and an additional GROUP compartment (Dybjaer et al., 2001; Kühberger and Jais, 2006) . Sows in LSH or GROUP are fixed temporarily in crates or they are housed loosely (Bøe, 1994; Stabenow and Manteuffel, 2002) . Feeding techniques in SINGLE, LSH, and GROUP are individual troughs in the single pens whereas GROUP sow can also be fed in free-access crates or by an electronic sow feeder station in the shared running area (Bøe, 1994; Bates et al., 2003) .
The crates are built to prevent piglet losses (Cronin and Smith, 1992; Lay et al., 2002) , but they restrict the free movement of the sows. A compromise would be time-limited crating with additional freedom once the piglets have become established (Edwards, 2008) . Furthermore, mixing sows and piglets in GROUP can result an in instable teat order, cross-suckling, or missed nursings and may decrease the milk intake of the piglets (Arey and Sancha, 1996; Maletinska and Spinka, 2001; Jais et al., 2009) .
In the present study, effect of GROUP vs. SINGLE on sow and piglet performance was investigated. Group housing included single pens with crates, electronically controlled gates, and a shared running area. An individual feed intake was provided in the single pens, which motivated the sow to visit her "personal" crate regularly. The GROUP sows were kept in the crates only during farrowing. Sows in single housing were fixed in conventional farrowing crates in single pens during the whole lactation.
MATERIAL AND METHODS
Pigs involved were kept in pens in consideration of the Council Directive 91/630/EEC and Council Regulation (EC) No. 806/2003 (Council Directive, 2003 in accordance with the TierschutzNutztierhaltungsverordnung (2006) . This work is supported by the German Federal Ministry of Food, Agriculture and Consumer Protection (BMELV) through the Federal Agency for Agriculture and Nutrition (BLE), grant number 2807UM005.
Animals and Housing
Data collection was performed on the Futterkamp agriculture research farm of the Chamber of Agriculture of Schleswig-Holstein from March 2009 until August 2010. A total of 144 cross-bred sows (Large White × Landrace) in 12 batches were observed in 2 different farrowing systems. In each batch, 6 gilts or 6 sows (second to eighth parity) were kept in the GROUP and in the conventional SINGLE, respectively. Sow ages between each batch varied but were equal in both SINGLE and GROUP within each batch. The GROUP had 6 single pens (1.8 by 2.6 m) with farrowing crates, electronically controlled gates, and a shared running area (2.4 by 5.4 m) between the pens (Fig. 1) . The GROUP was equipped with an individual sow identification system (ear tag) to control the entrance through the electronically controlled gates of the farrowing crates. A sow only had access to 1 crate. The antenna of the ear tag was immediately behind the gates at the end of the crate. If the sow was entitled to move into the crate, the gates opened. At the end of the crate, a light barrier regulated the gate openings when the sow walked backward into the running area. Feed and water were only available in the pen. The running area had a farrowing rail on the inner surface of the walls and included a straw selffeeder. The sows in conventional single pens (2 by 2.6 m) were also kept in parallel ordered crates. Cast-iron slats with traction patterns (32% perforation) with 3 centrally arranged solid surfaces in the lying area of the shoulder were fitted under the farrowing crates in GROUP and SINGLE. Both housing systems had water-heated piglet resting areas (0.6 m 2 ). The remaining floor in the pens and the running area was fitted with plastic slats (32 to 40% perforation). Manipulable material was available for the sows and piglets in both SINGLE and GROUP, respectively. A climate computer regulated ventilation and heating in the compartments. Temperatures varied between 19 and 21°C. Lights (80 lx) were switched on at 0600 h and switched off at 2000 h.
The sows were housed in a dynamic group (n = 200) with electronic sow feeding stations during gestation and kept in SINGLE and GROUP 1 wk before farrowing. The sows in GROUP were fixed in their individual crates 3 d before the calculated farrowing date until 1 d postpartum. Between d 2 and 5 postpartum the sows were able to walk backward out of the crate over a flexible step into the running area whereas the piglets stayed in the single pens. On d 5 postpartum, the flexible step was removed and the piglets could also use the running area. After cross-fostering (within 24 h postpartum) the maximum litter size was about 12 piglets in both housing systems. Boars were castrated 4 d postpartum. Piglets were weaned on average at d 26 postpartum. The lactating sows received a commercial lactating meal (13.4 MJ of ME per kg, 17% CP, 4.3% crude fat, and 1% Lys) in accordance with the German norm (GfE, 2006) . The daily feed intake of the GROUP and SINGLE sows was restricted by a given feeding curve. The curve started at a low level immediately after farrowing (gilts: 25 MJ of ME and sows: 30 MJ of ME) with 1 portion per day and reached its maximum on lactation Day 18 (125 MJ of ME) with 4 portions per day. One day before weaning, the sows were given one-half of the daily feed amount. This feeding level was designed for sows with 12 piglets per litter. Sows in GROUP were fed by hand and sows in SINGLE by an electronically feeding system. In SINGLE, dry feed was mixed with water in a rotation distributor and supplied into the trough as liquid feed. In GROUP, feed and water were mixed in the trough of the sow. Feeding portions of 1 d were added and saved in the farm database. The piglets in GROUP and SINGLE were given a commercial creep diet (14.6 MJ of ME per kg, 18.5% CP, 7.6% crude fat, and 1.45% Lys) in the pens from 10 d of age. Drinking bowls for the sows and piglets in the farrowing pen enabled free access to water.
Recorded Traits
The reproduction traits included the number of piglets born alive, stillborn piglets, weaned piglets, piglet losses, and individual weights. A piglet was categorized as stillborn when it was fully developed but did not breathe at birth. The number of piglet losses was documented during the whole lactation period including cause, date, and BW of the piglets. Losses were divided into crushed and other (e.g., runting, splay legs). The individual BW of the piglets were recorded within the first 24 h postpartum and at weaning. Lactational estrus was checked during the daily routine work but did not occur in GROUP and SINGLE during the period of investigation.
Body condition score and back fat (BF) were recorded 1 wk prepartum and 4 wk postpartum. The BCS was scaled in steps of 0.25 from Class 1 for very thin sows to Class 5 for fat sows. The BF was measured with an ultrasound scanner (Agroscan, Hauptner & Heberholz, Solingen, Germany) 5 cm beside the median line at 3 defined points (behind the shoulder, middle of the back, and before the hip). The mean of BF was calculated using these 3 measured values. The BCS and BF were recorded by 1 person. Daily feed intake was measured for SINGLE and GROUP sows.
Statistical Analysis
The functionality of the electronically controlled gates and the management of the GROUP were controlled and adjusted in the first batch. Twelve sows of Batch 1 were excluded from the statistical analysis. Another 8 sows (batches 2 to 12) were left out of the data set due to disease, death, or use as a nursing sow. In total, 21 gilts and 103 sows with 1,415 weaned piglets from batches 2 to 12 were considered in the statistical analysis. Gilts and sows were calculated separately.
Data were analyzed using a mixed model (MIXED procedure; SAS Inst. Inc., Cary, NC). The reproductive traits of the sow (number of piglets born alive, stillborn, and weaned and piglet losses) included the fixed effects batch (gilts: 5 and 9 and sows: 2 to 4, 6 to 8, and 10 to 12), parity (sows: 2, 3 to 5, and 6 to 8) and housing system (GROUP and SINGLE). Parity 2, 3 to 5, and 6 to 8 had 28, 47, and 28 observations, respectively. Fixed effects were tested for significance and were added to the model in a stepwise manner; maximum likelihood was used to test the different models. Interactions between the fixed effects that had no significant effect were removed. Comparisons of the different models were performed using the fit statistics Akaike's information criteria corrected (AICC; Hurvich and Tsai, 1989) and the Bayesian information criteria (BIC; Schwarz, 1978) . The model with smallest AICC and BIC values was chosen to favor less complex model variants. The significance of differences in the least squares means was adjusted with the Bonferroni correction (Westfall and Tobias, 1999) . Homogeneity of variance was checked by plots of the standardized residuals against the predicted values (GPLOT procedure; SAS Inst. Inc.). The residuals were normal distributed.
The same model was applied to the BCS and BF measurements 1 wk prepartum. Models for BCS and BF 4 wk postpartum were completed with BCS and BF 1 wk prepartum as linear continuous variables.
The final model of the daily feed intake per sow was conducted with the fixed effects batch, parity, housing system, lactation day (1 to 26) nested within the housing systems, and the random effect of the sow. Residuals were not normally distributed due to the given feeding curve. Therefore, the error covariance needed to be modeled. Acceptable residuals were performed with the first-order heterogeneous autoregressive structure (Littell et al., 2006; Kramer et al., 2008; Kruse et al., 2010) .
The analysis of birth weight in kilogram per piglet was performed with the fixed effects batch, parity, and housing system and the random effect of the sow. The model of the weaning weights was added to the lactation length (21 to 26 d) as a linear continuous variable.
RESULTS

Reproductive Traits
The housing system did not influence the reproductive traits of the gilts and sows with the exception of the weaning weights. Group housing sows had 14.4 (SEM = 0.47) piglets born alive and the SINGLE sows had 14.6 (SEM = 0.45; Table 1 ).
At the end of lactation, a similar numbers of weaned piglets per litter were assessed with 11.4 in GROUP (SEM = 0.14) and SINGLE (SEM = 0.13, P > 0.05), respectively. Most piglet losses in GROUP and SINGLE (72%) occurred during the first 3 d after farrowing. The total percentage of piglet losses during the whole lactation period was 14.7% in GROUP and 15.7% in SINGLE. In GROUP, 6.5% of the piglets were crushed in the single pens and 1.2% in the running area (SINGLE = 4.8%). Piglet losses due to other causes (e.g., underweight, runting, splay legs) were greater in SINGLE at 10.9% vs. GROUP at 7.0%. The piglets in GROUP and SINGLE had similar birth weights. The weaning weights were 500 g lighter in GROUP at 7.6 kg (SEM = 0.12) per piglet compared with piglets in SINGLE at 8.1 kg (SEM = 0.12, P < 0.05). The results of the gilts showed the same tendency of lighter weaning weight in GROUP with 6.5 kg (SEM = 0.31) compared with SINGLE with 7.2 kg (SEM = 0.34). However, this difference was not significant (P = 0.25) with a sample size of 21 gilts.
Change of Body Condition and Back Fat
The housing system had an effect on the BCS of gilts (P = 0.05) and sows (P < 0.05) 4 wk postpartum. Both GROUP and SINGLE sows had a similar BCS of 3.2 (SEM = 0.04) and 3.1 (SEM = 0.04), respectively, 1 wk prepartum (Fig. 2) . After weaning, the GROUP sows had a lower BCS 2 of 2.2 (SEM = 0.05) compared with SINGLE sows of 2.4 (SEM = 0.05, P < 0.05).
The development of BCS 4 wk postpartum could not be verified by the decrease of BF thickness during lactation. The housing system did not affect the BF thickness of gilts and sows. Week one BF thickness in GROUP and SINGLE was 18.1 mm (SEM = 0.53) and 18.3 mm (SEM = 0.50), respectively, and BF thickness 4 wk postpartum for GROUP and SINGLE sows was 
Daily Feed Intake
The feeding curve restricted the voluntary daily feed intake of the sows in both housing systems from lactation d 1 through 14 (Fig. 3) . Afterward the voluntary feed intake of GROUP and SINGLE sows was restricted by the feed intake capacity of the sows. The daily feed intake of GROUP sows followed the feeding curve until d 14 of lactation. Due to the electronic feeding system, the increase in daily feed intake in SINGLE was 1 d later compared with the given feeding curve. This delayed increase in daily feed intake continued through lactation d 15. Overall, sows in GROUP had an enhanced daily feed intake during lactation of 6.40 kg (SEM = 0.08) compared with SINGLE sows at 6.15 kg (SEM = 0.08, P < 0.05; Table 1 ).
DISCUSSION
Reproductive Traits
No differences concerning the total number of piglet losses were detected in the present study, but the percentage of crushed piglets was greater in GROUP (pen: 6.5% and running area: 1.2%) compared with SINGLE (4.8%). The reason was seen in the size of the pens. Piglets in GROUP had less space (1.8 by 2.6 m) to react to the posture changes of the sows compared with the piglets in SINGLE (2.0 by 2.6 m). Likewise, Kutzer (2009) assessed more crushed piglets in GROUP (pen size: 1.8 by 2.5 m) with 1.13 piglets per litter compared with SINGLE (2.0 by 2.5 m) with 0.59 piglets per litter whereas the total number of piglet losses was not different in GROUP, LSH, and SINGLE. In contrast to the present study, Kutzer (2009) did not fix the sows during farrowing. The absence of a crate might be the reason for more crushed piglets. Lay et al. (2002) and Edwards (2008) verified greater piglet losses due to crushing in noncrate systems and detected simultaneously a lower incidence of other mortality causes (e.g., runting, biting, diarrhea). Blackshaw et al. (1994) added that the entire absence of a farrowing crate resulted in enhanced total piglet losses (pen = 32% piglet losses vs. crate = 14% piglet losses; P = 0.05). Especially until the third day of life, piglets have comparatively poor mobility and are vulnerable to crushing (Marchant et al., 2001; Stabenow and Manteuffel, 2002) . Baxter et al. (2012) assessed that group systems had relatively high mortality levels, with the exception of systems that include a crate during farrowing. These statements lead to the conclusion that the presence of a farrowing crate could be an effect of the number and causes of piglet losses. Birth weight, the birthing process, a microclimate, and milk intake are as important for piglet survival (Pedersen et al., 2011; Vasdal et al., 2011) as the interaction between disease, thermoregulation, and nutrition (Lay et al., 2002) .
Furthermore, in the present study, the GROUP pens with 1.80 m width were too small and resulted in enhanced numbers of crushed piglets.
The lighter weaning weights in the GROUP presented seem to be caused by a greater amount of missed nursing events and by enhanced playful behavior. Bates et al. (2003) mixed piglets 7 d postpartum and detected similar results with a lower litter weaning weight for GROUP sows (55.5 kg/litter) compared with SINGLE sows (58.4 kg/litter). They explained the weight differences by the decreased milk consumption of the GROUP piglets, which was caused by fewer nursing events. Likewise, Wattanakul et al. (1997) and Weary et al. (1999) confirmed reduced nursing frequencies for mixed piglets. In contrast to the present study, they housed piglets in SINGLE and mixed the piglets first on d 10 or 11 postpartum. However, they were not able to ascertain any differences in the BW gain of mixed and unmixed piglets during lactation. Likewise, Kutzer (2009) investigated GROUP, LSH, LSH with mixed litters (10 d postpartum), SINGLE, and SINGLE with mixed litters (10 d postpartum) and revealed an ADG of 0.25 kg in the investigated farrowing systems, respectively. In consequence, the time of mixing the piglets might account for the reduced weaning weights in GROUP. Bünger (2002) and Hessel et al. (2006) verified that the subsequent mixing of piglets between d 10 to 12 postpartum did not result in disadvantages with regard to growth performance due to an established teat order. According to these results, the time of mixing and the stability of the teat order seemed to be the major cause of the total milk intake and weight differences between GROUP and SINGLE piglets. Missed milk flow phases could not be regained by subsequent teat-sucking activity or by a second milk ejection soon after the first (Fraser, 1980) . Valros et al. (2002) ascertained that 1 additional nursing over 24 h increased ADG during lactation by 5 g. Olsen et al. (1998) indicated that it might be important to use sows with a high milk yield when sows were kept in groups during lactation. Piglets with low milk intake spent more time and energy reserves initiating the milk flow (Klaver et al., 1981; Algers and Jensen, 1991) . In conclusion, disturbances during suckling due to early mixing on d 5 postpartum might result in enhanced cortisol concentrations in the sow. Cortisol has been reported to increase blood glucose (proteolytic and lipolytic activity), insulin secretion, and food intake (Mormède et al., 2007) , and if this redundant energy is not used in the stress response the results are an increase in the fat depot at the expense of tissue protein (Mormède et al., 2007) . This could explain lighter weaning weights and a greater loss of body condition without having an effect on the BF although the daily feed intake was enhanced in GROUP. Further research is needed to confirm this assumption.
Gilts had similar tendencies concerning the reproductive traits and weaning weights compared with the sows. In addition, 9 of 12 gilts in GROUP had to be weaned before d 26 of lactation because of injured teats. In the conventional single pens, only 3 of 12 gilts left the farrowing system before the weaning date. In contrast to the udders of the sows, teats of gilts were softer and did not adapt to the sucking activity of the piglets. Accordingly, the teats were more vulnerable to injury.
Body Condition, Back Fat, and Daily Feed Intake
The greater daily feed intake of GROUP sows from lactation d 10 to 16 was caused by the effect of the feeding system. The electronic feeding system in SINGLE updated the feeding curve at the end of the day (night time) whereas feeding by hand in GROUP had already adapted the daily feed amount in the morning. Concerning the lower BCS of GROUP sows at weaning, a restrictive feeding curve might be not the optimal feeding strategy to optimize milk production. The sows mobilize their body reserves (Algers and Uvenäs-Moberg, 2007) and enhance their feed intake (Eissen et al., 2000) to increase energy demand during lactation. However, the loss of body condition could not be confirmed with the loss of BF thickness. If the sows were weighed before farrowing and after weaning, a more detailed explanation of the change in body condition may have been possible.
Conclusion
Group housing had no influence on reproductive traits of pigs compared with SINGLE. The greater numbers of crushed piglets in GROUP were caused by the narrow pens. The lighter weaning weights of GROUP piglets were a result of mixing the piglets too early, which disturbed the teat order. A less restricted feeding strategy of GROUP sows may positively affect the weaning weights of the GROUP piglets. Group housing was less attractive for the gilts because of injured teats at the end of lactation. A longer fixation of GROUP gilts with their own piglets could incidences of teat injury caused by the sucking activity of foreign piglets.
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